Abstract. Heat-supply is the basic living demand for residents in winter. However, someone thinks that "the higher the indoor temperature is, the better heat-supply work has been done." It is a misunderstanding that may exist in heating industry, which may hinder the development of green finance. The authors for this article investigated the indoor temperature during the heat-supplied period in China, calculated the indoor mean temperature in different regions and sites and made some recommendations for scientific heating.
Introduction
Global "Carbon Budgets" has only left about 12000 tons which may be used up in the next 10 or 20 years at the speed of recent consumption. And carbon emission trading volume is still small in China, where there is urgent requirement for the development of green finance. However, a large number of researches in Beijing, Shenyang, Urumqi, etc., demonstrate that the winter heat-supply is in direct proportion to air pollution in the heating region. 70% coal consumption goes to heatingsupply directly or indirectly, which produces large amounts of CO 2 , SO 2 and NO X [1] . Therefore, the indoor temperature impacts air quality during the heating period. Yet there haven't been any unified standards for the indoor temperature detection in China.
Background and Literature Reviews
Recent years witnessed a serious haze occurrence in China. According to China Environment Protection Department, the top 10 cities with the worst air quality concentrated in the heat-supplied regions in Northern China, especially the regions with large population such as Beijing-TianjingHebei Region, Shanxi, Shandong, Henan, etc, which had been the most seriously damaged regions for air quality.
Furthermore, heat-supplied period becomes a peak period of the air pollution. According to "The National Air Quality Report", a wide range of serious haze occurrence appeared many times in Beijing-Tianjing-Hebei Region during the heating season in winter, with a large amount of pollutants discharge, due to the meteorological condition which was not conductive to the spread and degradation of the pollutants. The PM2.5 concentration rose by 9.6% in Beijing-Tianjin-Hebei Region during the heat-supplied period in winter season, after the process of continuous heavy air pollution increased the concentration of "Total Suspended Particulates (TSPs)". Chen et al. (2013) claimed that there was a positive relationship between the daily average of total TSPs concentration and the urban population mortality of cities, and the people's life expectancy in Northern China reduced 5.5 years because of the air pollution during the heat-supplied period [2] . Wei et al. (2014) indicated that the long heat-supplied period was the worst air pollution season [3] . The study from Bellander et al. (2002) shows that the heat-supply leads to the increasing of the SO 2 concentration in winter [4] . Yang et al. (2009) had conducted some experiments proving that SO 2 content increased significantly in outdoor air during the heat-supplied period in Beijing [5] .
Besides, some relevant studies show that the poor indoor thermal environment qualities will cause low productivity which may result in a large amount of economic losses. Seppanen (1999) claimed that the working efficiency of Finnish office staffs was reduced by harmful indoor thermal environments, and the low working productivity led to economic losses as high as 2.7 billion Euros every year [6] . Rosenfeld (1997) pointed out that because of the bad indoor thermal environment, the working efficiency of office staffs in USA declined significantly, and the phenomenon caused economic losses amounted to 30 billion dollars to 150 billion dollars per year [7] . Even Cui et al. (2013) indicated that based on the study of thermal comfort, compared with cold discomfort environments, warm discomfort environments would produce much more negative effects on human beings both in performance and motivation, which would not change significantly in the slightly cold indoor temperature [8] . An appropriate indoor temperature is significant to working efficiency and economic development. Scheffers et al. (2013) mentioned the average temperature in living rooms and bedrooms increased from 18.3°C to 19.1°C and from 15.2°C to 18.5°C respectively during 1978-1996 in UK [9] . And Johnson et al. claimed that these indoor temperature changes might have resulted in multiple consequences like overweight and obesity [10] . The study from Ciccone et al. (2011) shows that the number of overweight adults who live in the room with 20°C is larger than the number of the adults who lived in the room with 18°C of indoor temperature. Saeki et al. (2013) , studying on the influence of indoor heating on human ambulatory blood pressure in winter, found that the high indoor temperature index is in direct proportion to high blood pressure [12] .
Methods and Sample Selection
In the study, the authors have selected 300 valid samples in different areas and sites, which obtain1795 valid data. The region selected samples are mainly focused on northwest of China, northeastern China and Central China, especially Beijing-Tianjin-Hebei region, Northeastern Region, etc., which are the typical places with much more population and haze occurrences in winter. Specifically, for central-heating, there were 83 samples from Henan Province, 49 samples from Beijing, 32 samples from Hebei Province, 26 samples from Northeast, 20 samples from Inner Mongolia, 16 samples from Shandong province, 11 samples from Shanxi Province and 6 samples Tianjin. And for decentralized heat-supply, 13 samples were selected from Guizhou Province, Jiangsu Province, Anhui province, etc., which belong to Southern China without central heatsupply. At the same time there are 12 samples from rural residential buildings, from two different provinces which are Hebei and Hubei.
In site classification, the study focused on the residential buildings in the cities, which presented the maximum demand for heat-supply, where 166 samples were selected, accounting for 55% in total. Then the number of samples of offices was in the second place, which is 92, accounting for 30% of the total. Furthermore, there were 30 samples from other public places, accounting for 10%. And the samples from rural residential buildings account for 4%.
The Participation of the Investigators:
The authors appealed to 56 investigators who were classmates, friends and colleagues, distributing in Beijing, Tianjin, Henan Province, Hebei Province, Heilongjiang Province, Jilin Province, Liaoning Province, Shanxi Province, Shaanxi Province, Gansu Province, Guizhou Province, Anhui Province, Inner Mongolia, and Xinjiang, etc., to join in the investigation. Before the investigation, the investigators had received training in objective, data mining in the investigation in order to obtain the real, reliable and objective data.
The Design of Questionnaire:
The method of Questionnaires is a kind of way to receive the data and materials indirectly, which is commonly used in scientific researches [13] . In order to survey the main object of the study, in this questionnaire, the sample datum include several factors, such as, time, place, site type, indoor temperature, outdoor temperature, etc.
Secondary Data:
From "Zhenqi Website" [14] maintained by Ministry of Environmental Protection, we receive the PM2.5 index of the most heat-supply cities in Northern China and non-heat-supply cities in Southern China from Feb in 2016 to Jan in 2017. 16 sample cities have been chosen, which are Beijing, Tianjin, Shenyang, Changchun, Harbin, Xian, Jinan, Taiyuan, Lanzhou, Hohhot, Shijiazhuang, Urumqi, Guangzhou, Shenzhen, Xiamen and Nanning.
From the Figure below , it can be seen the PM2.5 and sharply in some heat-supplied cities in Northern and Southern China as winter comes and it reduces obviously when the heat-supply season is over. However, the phenomenon is not conspicuous while seasons change in some nonheat-supply cities in Southern China, such as Nanning and Xiamen, etc. (refer with: Figure 1 ). 
Data Analysis

Mean Temperature
By using the arithmetic mean equation, the data were calculated. From the 300 valid samples and 1795 valid data, the average of heat-supply indoor temperature is 22.26°C. If the sample data from countryside is removed, the average of heating supply indoor temperature is 22.48°C in urban areas.
The table below Table 1 ). The lowest indoor mean temperature is in rural area. And in urban region, except South China, the colder the weather is, the higher the indoor mean temperature is in North China. The indoor mean temperature in Inner Mongolia is 2.29°C higher than the total average. Also, the indoor mean temperature in Northeast Region is 1.02°C higher than the total average. Bejing Temperature（ °C）
Site Sample Classification Analysis
The study selected several typical sites as residences, offices, hotels, shopping malls, hospitals, high-speed trains and so on. In all these samples, the numbers of urban residential buildings, offices, hotels, shopping malls, hospitals, high-speed trains and rural residences are 995, 552, 78, 24, 36, 8, 72, respectively， accounting for 55.34%, 30.75%, 4.35%, 1.33%, 2.01%, 0.45%, 4.01%. And the proportion basically conformed to the type of buildings, which could objectively reflect the real situation. It is estimated that the average indoor temperature in urban residences, offices, hotels, shopping malls, hospitals, high-speed trains and rural residences are, 22.44°C, 22.16°C, 23.23°C, 24.28°C, 23.94°C, 21.81°C, and 16.84°C. It represents that the average indoor temperature of hotels is the highest, while the temperature of rural residences is the lowest.
Comprehensive Analysis
It is a common phenomenon that indoor temperature is high in urban heat-supply. According to "Urban Heating-supply Management Regulation" in most of China's heat-supplied regions, the range of heating indoor temperature is 16-20°C. It has been mentioned that the average indoor temperature is 22.26°C, which is 6.26°C higher than the minimum standard (16°C). In different sites, it can be seen that, the average indoor temperature in residences (including countryside) is 22.06°C, which is 6.06°C higher than the minimum standard (16°C). And the average indoor temperature in offices is 22.16°C, which is 6.16°C higher than the minimum standard (16°C). The average indoor temperature in other public offices is 23.59°C, which is 7.59°C higher than the minimum standard (16°C In all these samples, there were only 4 urban residential samples lower than the minimum standard (16°C), with 5 samples from offices lower than the minimum standard (16°C). However, every sample from shopping malls, hospitals, high-speed trains, is higher than the minimum standard (16°C).
In addition, the indoor temperatures are obviously high in the buildings in North China, even in the rural region, for the indoor temperature ratio of above 16°C is 69.44% high, while only 30.36% samples are under 16°C.
The Relationship between Indoor Temperature and Green Finance
The main fossil energies consumption accounted for 89% in 2015, and coal consumption accounts for 63% of them [15] (refer with Figure 2 ). As we know, China is still the biggest developing country in the world, and per unit GDP energy consumption is also much larger than most developed countries, the unit consumption of energy comes down year by year. What is more, China's energy structure is mainly formed by fossil energies, such as coal, petroleum, natural gas, and so on. Especially, such Asian countries like Japan and South Korea had stipulated the upper indoor temperature limits which were 20°C and 18°C respectively. Furthermore, global "Carbon Budgets" has only left about 12 thousand tons which may be used up in the next 10 or 20 years at recent consumption speed. And carbon emission trading volume is still small in China. However, Zhang et al. (1999) announced that it would save 5%-10% coal consumption by lowing per Celsius degree of the indoor temperature during heating period [16] . Therefore, people can adopt suitable strategy to control indoor temperature, after realizing the irrationality of the indoor temperature in heat-supplied season. In fact, the public consciousness of energy-saving and emission reduction should be raised in order to promote the low-carbon life and green finance development, and then to integrate green ecological and cultural construction into the economic construction during China's 13th Five Years. 
Conclusion
The indoor temperatures are a little higher during heat-supplied period in winter in Northern China. Besides, in heat-supplied regions in winter, there is a phenomenon which shows that the farther you move north, the colder the outdoor temperature is, the higher the indoor temperature gets. Actually, the living quality of residents in China has been improving continuously with the economic development. Increasing numbers of people not only pursue the comfortable living environment, but also begin to pay much more attentions to leading healthy life scientifically. However, the high indoor temperature would affect human physical heath and increase TSPs discharging in winter. Moreover, unreasonable indoor temperature will hinder the development of green finance, which would cause major economic losses seriously and affect people's normal work. In the view of the above-mentioned facts about high average indoor temperature and non-unified regulations in China, the authors would like to advise government to formulate unified rules scientifically which can ensure the users' reasonable, and healthy indoor temperatures while limit the excessive temperatures efficiently.
